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ABSTRACT
This Capstone project is intended to demonstrate the process of product development for
a modular cutting board from design to production by applying manufacturing principles,
utilizing the stage-gate format, and developing a marketing plan. The guiding principles for the
project would be the implementation of lean manufacturing and analyzing the quality,
performance, lifecycle cost, and time needed for market introduction. Team voting and
assignment occurred in Manufacturing 451 in Fall 2020, and the project was completed during
Spring 2021. Teams were required to meet outside of class time in order to discuss ideas and
build designs. Lab times were scheduled in advance with the assigned technician, Richard
Hairston, to utilize the equipment on the factory floor to create a prototype. The team consisted
of five group members pursuing degrees in mechanical engineering, accounting, banking and
finance, and general business. After developing a product plan, the team built and documented
the process to create a working prototype. The team conducted market research and developed a
cost strategy that would make full scale production of this product possible. The ultimate goal for
the project would be to ramp up production to 12 boards in one production line. Projections for
the materials and labor requirements for larger scale production, future sales expectations,
pricing, and demand estimates were forecasted after prototype completion.
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INTRODUCTION
Product manufacturing is a process largely taken for granted by the average American.
Few individuals stop to think about how a product design comes to life. The process to create a
new product for sale is more complicated than simply having an idea and handing off the plans
to a manufacturing plant. Engineering, marketing, finance, and accounting must come together to
determine if a project idea should be executed and develop the plan to make large scale
production successful. An idea can look like an instant success on paper, but until plans for the
design process and market and cost analysis take place, there is a high chance of failure.
Products are created to satisfy the need of the consumer; if the consumer sees no need for
the product, it will not be successful. How is it possible that so many new products show up on
the shelves every day when many Americans already have their basic needs met? The answer is
marketing. People may think they have no need for a product until they watch an advertisement
or hear their friends raving about it. Marketing helps convince a consumer that there is a need,
and the product will help make life easier than it already is. There are many styles and sizes of
cutting boards available for sale online from the convenience of your couch and at your grocery
store. They all have the same basic functions: an easy to clean, flat surface that makes food
preparation convenient and simple. Although they all serve the same function, there are many
brands and styles of cutting boards on the market. This is made possible by emphasizing
different product features. For instance, our cutting board is made in Mississippi using locally
sourced red oak wood and manufactured by hand. It features a tray that matches the style of the
cutting board, and it can be easily detached to remove food scraps or display appetizers, fruit,
etc. We will be able to market our product’s sustainable manufacturing process and highlight the
quality of the
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wood and feature piece to make our product stand out from the pack. This project will showcase
the process for developing a product and will emphasize how it will be possible to make it
successful in a competitive market.

CME
The establishment of the Center for Manufacturing Excellence at the University of
Mississippi was announced in 2008. The CME welcomed the first class of students in 2010 and
officially opened its doors in 2011. Haley Barbour, governor of Mississippi in 2004, worked with
Toyota Motor Corporation to give students an opportunity to pursue a minor in manufacturing
and bring talent into Mississippi. The CME changed its name to the Haley Barbour Center for
Manufacturing Excellence in 2012. The CME is an exclusive and unique program, allowing 60
students into the program each year, and stands out for its ability to give students real world
experiences with a job placement rate after graduation close to 100% (“History”). Students are
able to work in teams to find process solutions for a wide range of companies such as ABB and
The Baddour Center in Senatobia, MS, GE Aviation in Batesville, MS, ADP Products in
Grenada, MS, Blue Delta Jeans in Shannon, MS, and walk through training exercises at Nissan
in Canton, MS.
In the classroom, students with a range of educational backgrounds like engineering,
business, and accounting learn about valuable terminology and processes that are used in
manufacturing centers across the country. Students are introduced to the CME factory floor in
their freshmen year and use a wide range of machinery to walk through different processes
including laser engraving, 3D printing, plastic injection molding, and welding.
In the senior year of study, students use knowledge from previous courses to develop a
product for sale from design to final prototype and present this product for the Capstone Project.
2

The Capstone class gives students the tools and platform to bring their ideas to life. Students
collaborate in teams and schedule appointments with the faculty on the factory floor to produce a
product that fills a gap in the market, and students are given a chance to face the problems that
appear during the production lifecycle.

PRODUCT DEVELOPMENT PROCESS

Figure 1 Stage-Gate Format
Project Origin
The project process began when every student submitted a product idea. Some of these ideas
had to be eliminated if the necessary equipment to manufacture the product was not available.
Originality of design was also a factor. The filtered ideas were selected to be voted on by the
students. Students ranked the ideas from 1-5, with 5 indicating the favored idea. Teams were
formed based on student votes as well as the results from an Actualized Leader Profile (ALP)
test. The ALP test had a variety of questions designed to place the test taker in one of three
categories: achiever, affirmer, or asserter. On a team, it is favorable to have team members
representing leadership characteristics that are unlikely to clash. This assessment ensures the
most efficiently functioning project team possible.
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Phase 0 Planning
Phase 0 Planning utilizes input from engineering, marketing, business, and accounting.
Before a design can be developed, the project idea needs to be fully analyzed and researched to
determine whether or not it would be in the financial interest of the team to pursue the idea
(Dieter, 37).
Richard Hairston, a manufacturing technician, confirmed that a modular cutting board
could be constructed using the equipment in the CME lab. Market research confirmed that
similar products are available for sale; we would be able to have benchmarks for comparison.
Competition would be steep. There are cutting boards sold by Williams Sonoma such as the Cup
Board Pro that has a removable tray and retails for $69.95. The Snowe end-grain cutting board
that is handcrafted in the US retails for $220. Butcher Block and Co. features a John Boos
cutting board with a juice groove and removable pan for $193.00. It is clear that there is a large
market for cutting board products at a wide range of prices and quality grades since many
companies are supported by the sale of this product.
Since a cutting board is a commonplace kitchen item, it was deemed likely that the
market would be able to support our addition. Our product will offer some features not seen in
the competition, and there will be some flexibility in the pricing strategy. The product
positioning strategy would have the board marketed as a high-quality item intended to last
multiple years if properly cared for. The product benefits include ease of use: the removable
wood tray can easily slide out from the board for waste removal or for use as a serving platter.
The marketing plan would target an audience from the college age range and up, since these are
the ages deemed most likely to own a kitchen. The product strategy would focus on emphasizing
that our cutting board is Mississippi-made and sustainably manufactured.
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Phase 1 Concept Development
During phase 1 the team must begin by identifying the problem statement. The problem
identified by the team was the lack of available space on a cutting board after unwanted food
such as fruit pits, beef trimmings, and vegetable skins have been separated from the prepared
food. The food scraps take up space on the board that could have been used for additional food
prep. Adding a removable tray to the board would allow the consumer to brush unwanted scraps
into the tray and detach it when needed. It could also be used to serve the food; the scraps could
be left on the main board and the finished food product displayed in the removable tray. Since
this product is used for food preparation, the product design specifications must also consider
FDA standards. The team must examine the product design specs during this phase. At this point
the team had an idea for the major design specs for the project: durable, high quality, relatively
low maintenance, mid-sized, and eventually mass produced (Thamhain).
An important design principle that should be infused during the product development process
is Quality Function Deployment (QFD). QFD emphasizes the needs of the customer in each
phase of design (Dieter, 71). The House of Quality (HOQ) considers engineering characteristics,
customer requirements, manufacturing process requirements, relationship matrix, technical
assessment, and target value (Dieter, 100).
A Pugh chart, as seen in Figure 2, can be used to help the team decide on the best features for
the product. The datum column acts as a point of reference. A plus is assigned to a feature if it is
considered to be better than the standard, a minus is given if the feature is considered to be worse
than the standard, and an S is given if the feature is considered to be the same as the standard.
The plus and minus ratings are added up to determine the best feature, and then a new datum is
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selected from the winner. The matrix is run again in order to have a wide range of creativity
(Dieter, 279).

Figure 2 Pugh Chart

Phase 2 System Level Design
During Phase 2, the product architecture is assessed, and the team needs to consider Design
for Manufacturing (DFM) and Design for Assembly (DFA). Keeping these processes in mind
will allow a high-quality product to be produced more quickly (Dieter, 561). A CAD drawing is
developed at this phase. There were several iterations of CAD drawings that were developed, and
the prototypes were tested. The material selected for the alpha prototype was a medium density
fiberboard (MDF). The styling was designed to be simple and functional, and the positioning of
the detachable tray shifted from the front to the side of the board. A CAD drawing for the board
is pictured in Figure 3.
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Figure 3 CAD Drawing

Phases 3 Detail Design
In the detail design phase, any necessary changes to the design are made, and there is a
finished, working prototype. A complete engineering description for the form, material,
dimensions, and properties is finalized. The team determined that all of the production would
occur in the factory and not outsourced. The team had to make changes to the design due to
customer preference and to accommodate the red oak material being used for the beta prototype.
The team produced the finalized CAD drawing for the product and worked with Richard
Hairston, the team technician, to program the equipment for the desired dimensions. Quality
checks to ensure smoothness of the wood and even application of glue and oil were conducted by
the team members.
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Phase 4 Testing and Refinement
Multiple prototypes were manufactured and quality checks for splinters, even application of
the glue, and the dimensions of the board were conducted by the team members to assess if the
product met the requirements for the design. Marketing analysis, in the form of a survey, gauged
consumer interest in the final product. The alpha prototypes were manufactured with the same
dimensions, material, and tooling as the beta prototype. Prototypes were first manufactured using
a cheap MDF wood, and then the team tested the production process with the red oak that was
intended to be used for the final product. The team encountered some difficulty with the moisture
content and drying times for the red oak material. The board design went through a “fix”
redesign to accommodate problems with the red oak material. The finished product design, with
the tray attached to the side rather than the front of the board, is pictured in Figure 4.

Figure 4 Final Product
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Phase 5 Production Ramp-Up
During the production ramp-up phase, the team analyzed the current process to determine
necessary improvements for larger production. The team intended to produce 12 boards per
operating day during the first year of full-scale production and would adjust the production cycle
based on consumer demand. The team also conducted a financial analysis to determine if scaled
production would be profitable, and the net income was positive for full scale production. The
team reflected on the mistakes made during the production cycle and realized that testing with
the red oak material should have occurred sooner; however, this is a normal part of the learning
curve of production.
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ESSENTIAL MANUFACTURING PRINCIPLES
Lean Manufacturing
Lean manufacturing places heavy emphasis on value. Value stream mapping is a way to
visualize the process and the cycle times for each section of production to find potential
bottlenecks and areas that need improvement (“What is Lean?”). During the Capstone project,
team members were constantly analyzing the process to find hang ups with production. The
biggest bottleneck of the process was the lengthy gluing and drying process, and there was an
issue with the red oak material. Lean manufacturing centers the goal of production around
quality and speed. Just in time manufacturing focuses on the needs of the consumer. The product
will be delivered in quantities that match consumer demand.

Kaizen
Kaizen emphasizes the importance of continuous improvement (Dieter, 680). The process is
never complete; team members must remain active and focused on identifying areas of weakness
in the process or design. If the team considered the process to be complete on the basis of
whether the finished product is satisfactory, there will be missed opportunities for cost savings
and production efficiency. Kaizen is a time saver and a cost saver, and team members need to be
vigilant and communicate effectively.
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Six Sigma
Six Sigma is under the Total Quality Management (TQM) umbrella along with QFD (Dieter,
699). TQM states that long term success of the project is dependent on consumer satisfaction.
Six Sigma is more focused on the financial cost savings and profit improvement. Six Sigma
strives to reduce variability in production and eliminate non-value adding operations. Six Sigma
is a five-stage process that can be abbreviated DMAIC: define the problem, measure, analyze,
improve, and control. The team started by identifying the target consumers (roughly age 18 and
over) and scoped the project to develop a prototype with goal of a finished product by end of
March 2021. The team measured cycle times and costs for the project to determine where there
could be improvements. The team then analyzed the cost figures to determine the most profitable
price range and process arrangement. There was thorough documentation for the process so it
could be easily replicable in the future and allow the team to continue to work on eliminating
mistakes in the process.

DFMA
The Design for Manufacturing and Assembly minimizes the number of product parts (Dieter,
303). It is a waste reduction principle and another cost saving technique. The manufacturer
should create a product with as little assembly as possible. To identify unnecessary parts, the
team analyzed whether that part was essential for functionality. The cutting board has four
essential parts: the main board, the two pins for attaching the removable tray, and the tray. The
same materials and parts are used for each product. The design features and the process are
highly standardized and replicable. There is room for improvement with the secondary/finishing
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operations. The team could potentially find a faster way to cure the wood after the glue is applied
and then again after the oil is applied.

THE TEAM
An integral part of a successful project is understanding the team dynamics. Project
management assesses the different strengths and personalities of team members in order to
divide tasks and ensure cohesive team building. For the Capstone project, the teams were
assigned based on project interest rankings and assessment of leadership profiles. Students were
taught that there are three leadership styles: traditional, passive, and facilitative (Dieter, 121).
Traditional leaders can be too direct and controlling, and a passive leader could be considered
too hands off. A facilitative leader will try to encourage creativity and listen to suggestions. To
be an effective team member, each member must take responsibility for the success of the team
and be committed to the project. Team members need to actively participate in discussions and
take responsibility for the work that is assigned. Team members should also give feedback and
be open to receiving feedback. If team members are unable to work effectively together to
achieve the product goal, it is highly likely that the project will be unsuccessful; thus, it is of the
utmost importance to have a functionable team with clearly defined roles and goals in mind.
In terms of team dynamics, there are five stages of team development (Dieter, 121). The first
stage is called orientation, or forming. This stage occurs right after teams have been assigned or
established. No one has a clear role or understanding of the project at this point. The team
members are becoming acquainted, and they will begin to discuss project information. The
second stage is called dissatisfaction, or storming. During this stage, team members will face any
apparent clashes in personalities and will have to work out scheduling difficulties. Resolution,
the norming phase, follows. During this stage, the team members move past any disagreements
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or conflicts and work to develop common goals. Team members will see that individual
commitment is important to project success and completion and work to be more harmonious.
Then comes the production, also known as the performing phase. In this stage team members
work together effectively and productively to complete the project tasks. The final stage is the
termination, adjourning phase. Team members look back at their accomplishments and discuss
any significant lessons learned that occurred during the process.
The Capstone team progressed through these stages and quickly reached stage three; the only
difficulty that arose during stage two was finding meeting times that were amenable to all of the
group members given busy schedules and remote working conditions. Some team members were
not able to attend the design and assembly meetings due to conflicting work schedules; they
needed to be vigilant about keeping up with the design updates and progress.

Capstone Team Roles
The team leader, Doug Krentz, is a mechanical engineering major and came up with the
original project idea. He acted as the team organizer. He was the point of contact for our
instructor Mike Gill, and he handled the factory floor scheduling with Richard Hairston. Doug
was responsible for ensuring that the project followed the necessary timeline and continual
progress was made. He had to facilitate communication with team members and was also
working closely with CAD software and production. If this product were to be scaled to a
functionable business, he would act as the CEO, Chief Executive Officer, of the company.
Achintya Prasad, also a mechanical engineering major, was heavily involved with the
production design and manufacturing processes. He was on the factory floor with Doug
analyzing the product development and assembly process to make suggestions for process
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improvements and collect cycle times. Achintya Prasad would act as the team COO, Chief
Operations Officer, since he has detailed knowledge of the product design and materials and
would be able to manage production problems and day to day operations. A COO needs to have
an overall understanding of business operations, production and research and development.
Caitlin O’Connor, a banking and finance, managerial finance, and real estate major, handled
the production scaling, stayed up to date on the production process, and examined pricing
strategies along with Margaret Herring. Caitlin would act as the company Chief Financial Officer
and oversee the financial projections, cost analysis, and financial performance.
Margaret Herring, an accounting major, handled the materials ordering and analyzed the cost
figures and pricing strategies. She would act as the company's corporate controller and the Chief
Compliance Officer. A corporate controller examines the company finances and accounting, and
the CCO ensures that the company is following regulations.
Kneeland Gammill, a general business major, handled the product survey, made suggestions
for the product material that would satisfy consumer preferences, and stayed heavily involved
with the production process. He would act as the company Chief Marketing Officer and would
handle brand management, marketing communications, and promotion.
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MARKET RESEARCH ANALYSIS
Survey Results
The team conducted a survey to gauge consumer interest in the product. The survey was sent
out to family and friends, and 86 people responded to the survey. All of the participants had used
a cutting board in the past. The survey asked participants to select from a choice of features
offered by current cutting boards. 0% of the participants already had a cutting board with a
removable tray feature, and only 5.8% of participants had some sort of personalization for their
boards. This indicates that our product features are not already oversaturated in the market.
Results of current cutting board features are displayed in Figure 5.

Figure 5 Survey Statistics
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Participants expressed written interest in a handle feature, non-slip feet, easy to clean material,
and an aesthetic finish. Some consumer responses are listed below.

Figure 6 Survey Responses
58.1% of participants use a cutting board more than once a week. These participants would likely
have the strongest interest in purchasing another cutting board since they use the product
frequently.

Figure 7 Survey Pie Chart
16

Finally, the participants were asked if they would be interested in purchasing a hardwood
cutting board with non-slip feet, a removable tray for scraps, a juice groove channel, and sturdy
handles made in Mississippi. The response was 97.6% yes, which indicates overwhelming favor
toward the product. Although the product will not be dishwasher safe, it will still be easy to clean
and store. The target market will extend beyond the range of Mississippi and the branding will
emphasize that the board is high quality and “Made in America.”
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BUSINESS STRATEGY PLANNING
VRINE Model
The VRINE model analysis allows the team to analyze how the product will be adding value
to the consumer (Carpenter). Team members must question if the product is valuable, rare,
inimitable, non-substitutable, or exploitable. In terms of value, the product appears to have
potential to produce profits. The cutting board will be priced to cover the cost of material and
production and generate enough revenue to create an acceptable profit. The product meets a
market need and will not be too linked with economic cyclicality since it is not a pure luxury
good. The cutting board meets the rare requirement as well. The unique design of the cutting
board means that the market is not already oversaturated with competitors. The cutting board
would thus have a competitive advantage.
In order to keep that competitive advantage, the design and material of the cutting board
needs to be non-substitutable and inimitable, in other words, it should not be able to be easily
copied by competitors. Since our team has an arrangement with a Mississippi wood provider and
will have a factory location that is situated close to the wood farm, it would be difficult to copy
the material and branding. A patent for the cutting board design could be procured to prevent
competitors from copying the removable scrap tray and personalization of the board.
The team must also be able to exploit the resources mentioned above in order to limit
opportunity cost and have a satisfactory financial performance. There will be some barriers to
entry for competitors since there will be a high cost of capital to enter the market. There will be
value with the “Mississippi made” branding. Once the necessary equipment is purchased, there
will be economies of scale, meaning the cost per unit will decrease. The difficult part of the
project centered around the process flow and drying time. Once that process is established,
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staggered production will be implemented and finished products will be produced every day of
operation.

Value Chain
The Value Chain allows the production team to visualize the process and analyze it to find value
adding operations (Institute for Strategy & Competitiveness).

Figure 8 Value Chain

Primary activities include inbound and outbound logistics, operations, marketing and sales,
and services. The inbound logistics for the project deal with the transportation of materials from
the supplier, Double B Farms. Transportation of materials will occur by truck in weekly batches
and stored at the manufacturing center. The finished goods will be shipped out to the consumer
from the production facility, and there will be just in time manufacturing to ensure that there will
not be large amounts of products sitting in storage with short lead times. There will be direct
shipment of the cutting board to the consumer or to retail stores that will carry the product. In
terms of outbound logistics, we will not need to rent additional storage space to house the
19

finished product since orders will match the demand from the consumer, and we will be capable
of managing variable production and ramping up production depending on seasonal cyclicality.
Operations is a broad term that covers the process of converting the raw wood boards into the
finished cutting board. Lean manufacturing principles were followed so this process could be
streamlined and efficient without unnecessary delays. Marketing and sales cover the advertising
of the product. The product will be advertised on social media, and the team will have the
product reviewed by testers with the resulting articles published online. After the product has
been sold to the consumer, they must be sure to follow instructions to care for the product so it
will last to its full potential. The services section of the value chain model deals with this;
consumers must clean the cutting board properly after use by hand without the aid of a
dishwasher.
Under the category of supporting activities, technology development deals with the
automation processes used in production of the product. Software development was necessary to
program the machinery for fast and accurate production, and CAD software was needed to make
the 3D model of the product. The firm infrastructure covers accounting, finance, and public
relations. Procurement is the collection of goods and services (the wood from Double B Farms).
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Strategic Positioning Model
The Strategic Positioning Model allows the team to visualize the market segmentation for the
product (Institute for Strategy & Competitiveness). The X in Figure 6 below represents our
product positioning. It will be targeted toward a broad market but focused more on
differentiation than cost savings. The product will be high quality, but will not be expensive to
the point that it would need to be narrowed into a niche
market.

Figure 9 Strategic Positioning Model

The strategic target category labels whether the product is intended for a broad market or a
narrow niche market and the strategic advantage category indicates whether the product will be
marketed as low cost or differentiation. Differentiation implies that the product will have some
feature or advantage that will set it apart from competitors and also justify a higher price. Our
21

cutting board will have the unique feature of the disposable tray, handles, and non-slip feet
which pushes it closer to the differentiation block, but it is also targeted toward a broad market.

Business Strategy Diamond
The Business Strategy Diamond has five focuses: staging, arenas, differentiators, vehicles,
and economic logic (“The Five Elements of Strategy”).

Figure 10 Business Strategy Diamond

The staging category is concerned with how quickly expansion will take place. A
conservative estimate for full scale production of the cutting board would be one year after start
up. A location for production will need to be selected in Mississippi, the proper machinery rented
or purchased, and workers will be hired locally. The arena category is mostly focused on the
market for the product. The geographic market for this product will initially be the United States,
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but will hopefully reach a global scale in the future. The product category is kitchenware, and the
value creating strategies focus on minimizing production time and utilizing sustainable
manufacturing processes. Differentiation of the product will target the aesthetic appeal of the
wood, the easy cleanup, the sleek finish, and the product reliability and quality. Vehicles refer to
strategies for growth, which would be internal development and an alliance with the wood
supplier. The economic logic portion of the business strategy diamond provides justification for
pricing. Due to the quality and unique feature of the product, a higher price is justified, however
the board will still be affordable given the quality. Moreover, costs will go down per unit after
scaling.

SWOT Analysis
The strengths, weaknesses, opportunities, and threats (SWOT) need to be assessed for any
business (Picincu). The strengths of our team’s cutting boards are design, appeal, and quality.
The weakness of this product is the length of time it takes to manufacture from start to finish.
The curing time for the glue and the oil finish takes two full days. The main opportunity seen by
the team was to partner with Double B Farms for red oak wood to support Mississippi business
and cut down the cost of materials. The threat to the business is the competition. There are
similar products on the market. The team also faced a threat with the material. If the material is
not conducive to the curing process, then it may have to be exchanged for a different wood.
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Analysis of Porter’s 5 Forces Model
The Five Forces Model examines the threat of new entrants, buyer power, threat of
substitutes, supplier power, and degree of rivalry (Institute for Strategy & Competitiveness).
Since cutting boards are widely available, and many offer similar features and functionality,
there is a significant degree of rivalry. There are standard fixed costs and a range of pricing.
There are also alternatives to purchasing a cutting board that have the same functionality, like
using your countertop to cut food or using a plate. Therefore, the threat of substitutes would also
be high. Given these factors, it will be important to price the board competitively and emphasize
the branding. The threat of new entrants is somewhat less of a concern since the process does
take a significant capital investment for full scale production. The current competitors will have
the advantage of economies of scale compared to start ups. The legal barrier comes from the
requirement that the product is FDA certified. The supplier power is weak. As long as we
continue to receive red oak material as a donation, we will not need to worry about the supplier
raising prices. There is no buyer power since we sell directly to the consumer.
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CONSTRUCTION AND PRODUCTION
Alpha Prototyping
A critical aspect of this project was understanding every facet behind the prototyping and
production side of the process. As such, production of the cutting boards on the shop floor of the
CME became the central area of study for the project. Before beginning production with
hardwood, a cheap MDF board was used for prototyping. This low-quality wood was cheap and
easy to cut, allowing basic design details to be considered. The cutting board’s design largely
revolved around the large Haas SR-100 Gantry Sheet Router, pictured in Figure 11.

Figure 11 Haas SR-100 Gantry Sheet Router
This machine allows the cutting board’s features to be mapped out and designed in a
computer software that could then be cut directly into the wood. The wood is planed down flat,
to allow the cutter to form a vacuum between the board and the table. This vacuum keeps the
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wood in place while the overhead gantry selects a cutting tool and mills the details of the board.
This is done rapidly, allowing a board to be cut and finished in under 10 minutes. This capability
is crucial in the prototyping phase, as it allows an entire board to be cut out of the MDF board
and analyzed in a short time span, allowing quick feedback and analysis of product details.

Figure 12: CAD File and Dimensions of Cutting Board
The prototyping process began in the middle of October 2020. Basic designs of the board
were planned with a production end date of March 2021. The designs include the juice groove,
handles, and dimensions of the board as a whole. Doug began with designing a CAD model of
the board. Original dimensions of the cutting board were large, with initial cuts creating a near 2foot-long board. This was paired down to the final dimensions seen in Figure 12. These
measurements were determined based on ease of use in the kitchen, and the larger cutting space
necessary for preparing vegetables and meat. The second portion of the cutting board, the
removable tray, was also changed throughout the process. The design consisted of the tray being
attached to the bottom of the cutting board. This was changed in early March, where feedback

26

from people suggested that a movable side tray would be more ergonomic than a tray attached to
the bottom of the board. This would impact the router software, and caused a change to the
design that included two different cutting processes to manufacture one complete board. Figure
13 shows the basic dimensions of the attachable tray.

Figure 13 Removable Tray
Alpha prototyping was effective in determining basic dimensions and features of the
cutting board. However, the use of MDF wood in prototyping masked technical issues with the
red oak wood that surfaced later in the production process. Figure 14 shows the results of a
prototype cutting board cut on the sheet router.
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Figure 14 Prototype Cutting Board made of MDF Wood
After completing this stage of alpha prototyping, it was decided to continue testing with
the lay-up process of the wood. A board would consist of several laid-up pieces of wood, glued
together. This lay-up process is common when making higher quality wooden cutting boards. In
this case, the wood would be sourced from a local lumber mill, processed, and then laid up.
Initial lay-up tests proved the process to be an effective method of making the cutting boards.
However, issues with wood moisture would soon begin to show. Details of this issue can be
found in the wood moisture section of this report. A temporary solution was created to allow
analysis of the full process, and associated costs of this procedure. This solution came in the
form of a large slab of prefabricated butcher block. Purchased from the local Home Depot, this
wood was critical in the prototyping process, as a stop-gap measure to analyze the full process.
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Production Process and Process Flow
The process used to make these cutting boards begins with the processing of wood. This
process would be a difficult bottleneck to overcome, and is described in better detail in the wood
issue section. Assuming an effective processing of raw wood, the process begins with cutting
down the wood into usable elements. This takes the form of 19’’ by 1” wide wooden strips.

These wooden strips come from cutting down the large planks of wood, sourced from Double
B Farms in Rudolph, MS. This board is first cut on the radial saw, cutting the wood into the 19inch-long segments. This is seen in Figure 15.

Figure 15: Radial Arm Saw used to cut larger planks
The cut segments of wood are then transferred to the table saw for further processing. It is
imperative for the operator on this process to keep the wood segments grouped together in order
to maintain the same cut and grain of wood. This will ease the lay-up process for the wood. The
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next step is to cut these planks into smaller planks that will eventually be laid up. After setting up
the table saw to a blade angle of 0 degrees and at a height sufficient to cut through each plank,
the operator can begin. Each board starts off with a 1/8 inch cut off one side of the board,
allowing the planks to have smooth sides, ensuring an even surface for the glue up process. After
each batch of segments has one smooth edge, the stop on the table saw is moved to 1 inch, in
accordance with the glue up process. One inch was found to be the ideal thickness that
maximizes the wood supply while offering an appropriate size for the cutting board. Each board
is then cut with the table saw. Since each segment of wood is unprocessed, there is some
variance in the number of planks that can be cut from each sample. Production runs suggest an
average of 2.5’’ planks from the segments of wood. Testing revealed that 15 one-inch wide
segments that are 19-19.5’’ long would be needed for the cutting board and 5 one-inch segments
would be necessary to make the tray. Figure 16 shows the cutting process. Note the stacks of 1”
planks stacked behind the operator, which are stacked together with other wood pieces of the
same color and grain. This process requires two workers, one to set the stop on the table saw and
feed the wood into the blade, and another to catch the wood after it has been cut.

Figure 16: Cutting of 1” planks on the sawmill
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Once wood has been processed, the lay-up and glue process can begin. This starts with
forming an aesthetically pleasing layout of boards with alternating colors, as seen in Figure 17.
This pattern is created via the natural differences in wood grain. Altogether, 15 pieces of wood
are laid up to create one cutting board.

Figure 17 Laying Up Wood

This process is repeated to create the wooden removable tray, using 5 strips of wood. The
alternating pattern of color is kept through the wooden tray. Once the pattern has been
established, the wood is coated with glue, using the glue licker. This machine was critical in
applying a sufficient amount of glue to each piece of wood and is depicted in Figure 18.
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Figure 18 Glue Licker
The wood is then immediately placed onto a large, multi-level drying rack. Each piece of
wood is laid up in accordance with the original laid up board. The large clamp rack is another
essential tool in this process, capable of drying up to 12 cutting boards at one time. The rack is
prepared by moving two arms to support each board. The arms are then coated with a releasing
agent to stop the wood glue from bonding to the metal frame. Once this has been set up, the glue
can be applied to each piece of wood and laid up. Each board is laid up, followed by a piece of
scrap wood, used as a separator between it and the corresponding tray. This is done to ensure the
board does not glue to the removable tray. Finally, once all of the strips of wood have been laid
out, the knobs on the clamp rack can be turned, which puts pressure along the entire board,
forcing the boards together. Figures 19-21 show the details of this process.
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Figure 19 Glue-Up

Figure 20 Glue-Up

Figure 21 Glue-Up
The glue used in bonding the wood, Titebond II, requires 24 hours of cure time. Most of
the boards made during this process spent an additional 24-48 hours of drying time, due to
constraints with scheduling and availability of the floor. In a full production capacity, the dry
33

time can be cut to 24 hours, allowing workers to maximize production times. After the board is
finished bonding, the wood must be planed, to ensure a smooth finish for the sheet router. The
planing process requires a board to be passed through the planer, a machine that gradually
removes a layer of material with each pass. The boards in this project were planed down to
thickness of 0.75”; the number of passes per board was not recorded as it varied with different
cuts and grains of wood. It was discovered during the prototyping phase that the board must be
flipped with each pass to allow an even amount of material to be cut from either side of the
board. Improper planing results in the boards bowing after the sheet router process, an issue
exacerbated by wood moisture. It was imperative, therefore, to conduct this step deliberately,
with those issues in mind. The planing machine and process can be seen in Figure 22. This
operation, similar to the table saw process, requires two workers, one to feed the wood into the
planer and measure the thickness of the board, and another to catch the board on the other end of
the planer.

Figure 22 Planer
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After completing the planing process, the boards were now able to be cut on the sheet
router. As seen earlier in Figure 11, this machine is used to cut out the juice grooves, tray,
handles, and rounded corners of the board. These signature elements set our design apart from
the competition. The board is held to the cutting table via a vacuum, while the computercontrolled gantry moves a spinning tool that cuts into the board. The machine’s CAM model is
based on the CAD file made by Doug. The operation of this machine would not be possible
without shop technician Richard Hairston, who set up the CAM model and calibration for the
machine’s operation. Figure 23 shows the sheet router in action.

Figure 23 Sheet Router

35

While the boards are being processed through the sheet router, two workers begin work
on the securing pins for the side tray. These pins are inserted into slots on either side of the
board. This allows the boards to be useful for either left or right-handed users. The pins are made
from aluminum stock with a diameter of 0.25”. The rod is placed in a band saw and cut to 1.25’’
pieces. These pieces are then mounted into the chuck of a drill, and spun on the sander, to help
deburr the edge and create a chamfer.
After the boards have been cut and processed by the sheet router, the final finishing steps
of the process can begin. A poka-yoke jig was used to drill the pin holes into the correct
positions of the board. A poka-yoke is designed to make a process easier for a line worker. It can
take the form of a tool or jig. This jig must be well designed to ensure no common cause
variations in the process. For this project, the poka-yoke lined up the holes for the modular pins.
The pins are then glued into the trays. Boards with holes or knots are filled with a mixture of
wood glue and sawdust, and allowed to dry. The cutting board and trays are then taken to the
sander to knock off any splinters, and then sanded down using a hand-held electric sander.
Once the boards have been sanded and cleaned, they are taken to the laser engraver. This
process allows the application of the measurement conversions across the top of the board, along
with the board’s production number. Both of these are done in the CME Makerspace, using the
laser engraving machine depicted in Figure 24.
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Figure 24 Laser Engraver
The last step of the process is to coat the now completed boards with FDA approved board
oil, to help seal any porous areas of the board and create a polished look. This oil takes another
full day to cure. The no-skid feet are then glued to the bottom of the board, resulting in the final
completed cutting board as seen in Figure 25.

Figure 25 Final Prototype
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The Wood Issue
The prototyping stage found issues with the wood sourced from Double B Farms. The
wood planks had been stored in a temperature-controlled warehouse, but the relatively high
humidity levels of the area resulted in wood with a very high moisture content. This was not
originally identified as an issue until after manufacturing the first two prototypes. After being
glued up and cut by the sheet router, the boards had started to warp due to their high moisture
content. The warping occurred because the wood had been processed just days after being picked
up from the farms and was not dry enough for production. This resulted in two prototype boards
becoming unusable.
After deliberation, two different issues were identified as potential causes of this
problem. The first was rectifying the planing process to more evenly remove material. The
second was to measure and understand the moisture content of the wood. The team purchased a
wood moisture meter that was within budget to determine the extent of the issue. It was found
from taking random samples of wood that the moisture content was in excess of 19%. The ideal
moisture level for wood being used in this process is much lower, around the 5-7% range. This
posed a significant setback. The first solution was to use the CME’s large curing oven to assist in
the drying phase. As seen in Figure 26, the large curing ovens can store the wood at a higher
temperature, allowing for the moisture to evaporate quickly.
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Figure 26 Curing Oven
The first test consists of wood from several different stages of the production process
sitting in the oven at a temperature of 250° F. The different stages included a cut section of
wood, a trimmed down 1” section of wood, and a glued-up board. After checking on the wood
over the course of 1 hour, it was found that the moisture content did not decrease (in some cases
it actually increased). Furthermore, the wood was beginning to crack. After identifying the
potential cause of this to be the result of a high temperature causing the water to boil, the
temperature in the chamber was reduced to 175° F. The test was run once again with samples
from different stages of production. The wood was checked every hour for 3 hours. This process,
once again, did not result in satisfactory results, with moisture content only slightly decreasing,
and deep cracks once again forming throughout each sample of wood. At this stage, it was clear
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that no amount of protracted heating would result in dried wood without corresponding cracking.
Instead, it was decided to cut the wood into the 19” planks, and stack the wood in a corner of the
CME floor, and allow the wood to naturally dry over time. This is seen in Figure 27.

Figure 27 Stacked Wood
It was decided that prototyping for the project would continue by using a large sheet of
butcher block purchased from Home Depot until the issue with the red oak wood moisture could
be more permanently resolved. All of the steps from the basic wood processing to the glue up
stage could be bypassed to ensure a final product could be constructed.
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Process Analysis
The biggest area of analysis to consider from the initial production run is the ability to
scale up the project to a full-time operation. Making a full-time production line for cutting boards
would require several tools, from the sheet router to the clamp rack. The biggest hurdles would
involve creating a sustainable production line that could operate with the proper glue-up and oildry times. These are fixed time processes, and cannot be shortened or made more efficient. As
such, a production line must include the capacity to make several boards at a time to maximize
the work day. Figure 28 shows the time taken for each day of production for 1 board.

Figure 28 Process Flow
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Therefore, to make a profitable and efficient production line, it would be imperative to hire
more workers, and have access to several examples of each of the machines used in the process.
Furthermore, it would be advisable to use processed wood that has the correct moisture content,
rather than adding a lead time of several weeks for wood drying. Overall, increasing production
beyond the boards produced would require a significant increase in equipment availability,
usage, and manpower.
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FINANCIAL ANALYSIS
Table 1 Prototype Cost

Figure 29 Prototype

The cost of materials per board was estimated based on the amount of material (glue, feet,
rod, wood) used per board. The machining costs were based on the factory floor equipment
rental figures provided by the CME. We divided the cost per hour by the number of minutes that
the machine was used (the cycle time) in the production of one board. The material and
machining costs were then summed to give the total direct cost of the prototype board.

43

Table 2 Projected Cost Per Board

Table 3 Total Cost of Operations Per Day
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For the per board costs in Table 2, the machining costs stayed the same as the prototype cost.
The factory rent per daily production was estimated by looking at listings for factory rentals in
Mississippi. The typical cost per square foot of factory space on the higher end was estimated to
be about $0.30 per square foot per month (Department, P). The process for our board was
estimated to need about 3,000 square feet of factory space. Factory rent would be $3.64 per
board and was calculated by multiplying $0.30 x 3,000 square feet x 12 months = $10,800 per
year. Assuming 12 boards are produced per day and 247 operating days per year (12 x 247 =
2,964), the cost of rent per board would be $10,800 / 2,964 = $3.64.
The average factory wage in Mississippi is $10.28 an hour. There is a minimum of 4 people
working 6 hour shifts for the production process ($10.28 x 4 people x 6 hours)/12 boards which
equates to a labor cost of $20.56 per board. The number of days of labor and production would
be 247 (allowing for 14 days of vacation for the 261 working days per calendar year). Adding the
material, equipment, rent, and labor costs equals an estimated cost per board of $76.58. The
board would be priced to sell at $150 to make an acceptable profit.
The total costs of operations per day in Table 3 need to be scaled to accommodate 12 boards,
which is the estimated number of boards that can be produced per day. Each of the costs are thus
multiplied by 12 with some room for rounding error.
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Table 4 Margin Analysis
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The margin analysis in Table 4 considers the one-time costs needed for research and
development to improve the process flow, design improvements for the product, further market
research and analysis, and testing. Machine rent per day is multiplied by 247 days to find the
annual cost. The factory rent is equal to $900 per month, and the annual cost of $10,800 is found
by multiplying $900 by 12 months. Wages and management cost per day were multiplied by 247
operating days. Payroll taxes and admin were calculated by multiplying the cost of wages by
7.65% for Social Security and Medicare. 2,964 boards will be produced per year (12 boards x
247 days). The cost per board in this statement would be $76.58 allowing for some room for
rounding error. The target sales price per board would be $150. This is on the upper end of the
pricing range, but the high quality, size, and functionality of the board will justify the cost. After
conducting market research, the team found that there are luxury boards priced at $200 and
above. Another idea for consideration is to employ at risk teenagers to work in the factory. Part
of the one-time cost could go toward training these employees and providing mentoring services.
This could also help with the marketing strategy of the board and further justify the cost figure.
The annual revenue was calculating by multiplying $150, which is the selling price of the
board, times the annual production of 2,964 boards. The annual cost of goods sold was calculated
by summing the fixed and variable costs. The first-year net revenue would be $10,000 less than
future year revenues given the one-time cost figure, and thus it would have a slightly smaller
margin of 46.70%. This margin was calculated by taking the first-year net revenue and dividing
that by the annual revenue. The ongoing net revenue would round to $217,600 with a margin of
48.95% calculated by dividing ongoing net revenue by annual revenue.
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Table 5 Projected Income Statement

In Table 5, the annual revenue was calculated by multiplying the selling price of the board
times the number of boards produced per day times the working days per year ($150 x 12 x 247)
= $444,600. It is assumed that each board that is manufactured will be sold. There is some room
for variation here. If the consumer demand does not justify the production of 12 boards a day,
then the production cycle will be altered accordingly to ensure that there will be no buildup of
inventory. This revenue figure demonstrates the maximum amount of revenue that could be
generated.
The expenses were calculated by multiplying 12 boards x 247 days x $76.58 cost =
$226,982.82.
The net income before tax, equal to the revenue minus expenses ($444,600.00 –
$226,982.82), rounds to $217,600. Producing and selling the cutting board would be a profitable
business given the positive net income estimate.
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PROJECT SUMMARY
The Capstone project allowed the team to cycle through all five stages of production and
apply the principles learned from manufacturing coursework. The team was able to practice Six
Sigma and DFMA manufacturing principles firsthand and develop a process for production from
beginning to end. Although the team encountered difficulty with the red oak material and had a
design alteration in the last stages of prototype production, we were still able to produce an
effective finished prototype and learned valuable information about potential problems during
the curing stage of production. Team members had to be multi-faceted; engineering and business
minds needed to work together to come up with an effective and scalable product and quickly
reconcile problems that surfaced during production.
In terms of lessons learned, it would have been a good idea to test the production cycle with
the final product material sooner to see the reaction of the wood to the curing process. Another
major focus for the project revolves around pricing. The equipment and labor costs for the board
were mostly fixed costs, and there are many competitors for this product. The team had to find a
way to cut costs. A big cost saver was at first thought to be free, donated wood material, but this
may not be a guarantee for full scale production and needed to be factored into the financial
statements. The team also projected the scaled production by using the minimum number of
employees necessary for the product line at the lowest cost possible. These cost savers allowed
the team to price the product competitively while still maintaining the quality of the product.
The Capstone project was a unique opportunity for students to analyze the practical
applications of manufacturing principles for design and process layout. Despite the difficulties
posed by Covid-19, the team was able to finish production on time. The team was able to analyze
the business practicality of production and project future production income and cost for the

49

product. Successfully completing this project from start to finish made the team value the
importance of time management, financial analysis, team communication, process efficiency,
and continuous process improvement.
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